1-(2-Pyridyl)-3-phenyl-5-anthryl formazan (PAnthPF), 1-(2-quinolyl)-3-phenyl-5-anthryl formazan (QAnthPF) and 1-(2-quinolyl)-3,5-Biphenyl formazan (QPPF) were prepared and their acid dissociation constants and metal complex stability constants were investigated. The investigation involved the following metal ions: copper(II), zinc(II) and cadmium(II). QAnthPF reacts with metal ions to form complexes with intense color. The zinc(II) complex is red whereas the cadmium(II) complex is bluish green, the difference in their absorption maximum wavelength (A)max) is remarkably large (110 nm).
A series of formazan compounds have been systematically synthesized. The relationships between their structures and reactivities with metal ions and their usefulness as chelating reagents have been investigated from the viewpoint of analytical chemistry. Formazan compounds having heterocyclic group such as pyridine, thiazole or oxazole ring have been found to be useful photometric reagents with high selectivity and sensitivity.l-5' In the present paper, pyridine and quinoline rings were chosen as heterocyclic groups. Furthermore, anthracene whose resonance energy is large, was introduced into the above heterocyclic groups to synthesize the formazan derivatives illustrated in Fig. 1 . The compounds obtained were investigated in connection with the reactivities with metal ions, the acid dissociation constants and the stability constants of metal chelates.
The formazan compound, 1-(2-quinolyl)-3-anthryl-5-phenyl formazan (QAnthPF), reacts with metal ions to form complexes with intense color. The zinc(II) chelate is red whereas the cadmium(II) chelate is bluish green; the difference in their absorption maximum wavelengths (L\).max) is remarkably large (110 nm). In addition, QAnthPF has been successfully applied to differential staining of cadmium and zinc ions in liver tissues of rats injected with these metal ions.
Experimental

Apparatus
All photometric measurements were made with a double-beam Shimadzu 360 spectrophotometer. Quartz cells (1 cm) were used throughout.
A Denki Kagaku Keiki Model HG-3 Digital pH Meter, with a glass and calomel electrode pair, was used for pH measurements. Mass spectrometric measurements were performed using a JEOL JMS D-300 mass spectrometer with a JMA 2000 data system. The electron impact (El) ionization technique with an electron energy of 70 eV was used.
Reagents
Synthesis of chelating reagents.
Preparation of QAnthPF will be described as an example. About 3.42 g (0.01 M) of anthraldehyde-2-quinolyl hydrazone was dissolved in 350 ml of dioxane. Diazotization of 1.2 g of aniline in the usual way was followed by coupling at below 5° C and in strongly alkaline medium to yield a reddish orange compound. The reaction mixture was neutralized with 1 M acetic acid; the product was deposited by addition of 21 of water. Duplicate recrystallizations from hot 2-propanol gave the reddish orange compound. After drying, 2.2 g of orange-yellow crystals were obtained. The compounds 1(PAnthPF) and 3 (QPPF) were synthesized in almost the same way as above. Table 1 shows the results of elemental analysis and the melting points of the compounds prepared. Figure 2 illustrates the mass spectrum of QAnthPF. Metal solutions. Dissolve an appropriate amount of each metal in nitric acid. Add perchloric acid and evaporate nearly to dryness. Dilute the resulting perchlorate with water to make 10-1 M metal stock solution. Dilute this solution with water to prepare working solutions. Reagent solutions.
Dissolve an appropriate amount of each reagent in dioxane to make 10-2 M reagent stock solution. Dilute this solution with dioxane to prepare working solutions. Buffer solutions.
Prepare the buffer solutions by mixing the following pairs of solutions; 0.1 M perchloric acid and 0.1 M hexamine solutions (pH 1.10 -6.90), 0.1 M perchloric acid and 0.05 M borax solution (pH 7.60 -9.00), and 0.05 M borax solution and 0.1 M sodium hydroxide solution (pH 9.30 -10.80). Use the appropriate dilute sodium hydroxide solutions as the buffer solutions for pH>10.90.
All other chemicals were of analytical-reagent grade.
Absorption spectra of reagent solutions To a 25 ml volumetric flask, add 5.0 ml of solution of an appropriate pH, 2. Absorption spectra of metal-complex solutions The absorption spectra of metal-complex solutions were measured under two conditions: one with an excess of metal ion and the other with an excess of reagent. In case of an excess of metal ion, in a 25 ml volumetric flask, add 2.5 ml of 1 M sodium perchlorate solution, 10.7 ml of dioxane, 1.8 ml of 10-2 M metal ion solution and 1.8 ml of 10-4 M reagent solution, and then dilute exactly to 25 ml with the buffer solution of an appropriate pH. Measure the absorption spectrum of the solution against a water blank over 500 nm to 800 nm.
In case of an excess of reagent, in a 25 ml volumetric flask, add 2.5 ml of 1 M sodium perchlorate solution, 10.7 ml of dioxane, 1.8 ml of 10.4 M metal ion solution and 1.8 ml of 10-3 M reagent solution, and then dilute exactly to 25 ml with the buffer solution of an appropriate pH. Measure the absorption spectrum of Properties of reagents As can be seen from Table 1 , the melting points of the compounds having anthryl groups are very high. In Fig. 2 is illustrated a mass spectrum of QAnthPF. Peaks observed at m/ z 451 and 346 correspond to QAnthPF prepared and anthraldehyde-2-quinolyl hydrazone, respectively. Table 2 lists the acid dissociation constants, absorption maximum wavelengths, molar absorption coefficients and isosbestic points of the reagents obtained. Both pKa, and pKa2 of the reagents containing anthracene ring are slightly high.
The magnitude of red shift observed when the reagents are converted from neutral molecule (HA) to anion (A-) increases in the order of QPPF(64 nm)<PAnthPF (116 nm)<QAnthPF(134 nm) and the molar absorption coefficients of anionic forms of the reagents also increase in the same order; consequently, PAnthPF and QAnthPF are supposed to be successfully used as sensitive photometric reagents.
Absorption spectra of metal chelates
Reactions of each reagent prepared with ten common metal ions (Mn2+, Fee, Cot, Nit, Cue, Zn2+, Cd2+, Hg2+, Pb2+ and Fe3+) were investigated. The metal ions which react with QPPF to give colored complexes are Co2+
(green), Ni2+ (deep blue), Cu2+ (deep blue), Zn2+ (blue), and Cd2+ (blue). The other metal ions form faintly colored QPPF chelates. PAnthPF and QAnthPF also react with metal ions in almost the same way as QPPF, but the reactions of these reagents with Co2+ and Ni2+ are very slow, so that heating at 80 -90° C is necessary to let the reactions proceed. Therefore the reactions of copper, zinc and cadmium, which yield the strongly colored complexes with all three reagents prepared here, were quantitatively investigated in dioxane-water mixed solvents in the subsequent experiments. Table 3 shows the absorption maximum wavelength, molar absorption coefficient, optimum pH range and composition (determined by the mole ratio and continuous variation methods) of each metal chelate.
As can be expected from Table 2 , the molar absorption coefficients of PAnthPF and QAnthPF chelates, especially with zinc and cadmium, are very high. It is particularly interesting that a large difference is observed in the absorption maximum wavelengths of QAnthPF chelates with zinc (540 nm) and cadmium (650 nm) (see Fig. 3 ). The magnitude of red shift caused by chelate formation increases in the order of Zn(202 nm)<Cd(212 nm)=Cu(212 nm) for PAnthPF; Zn(150 nm)<Cu(240 nm)<Cd(260 nm) for QAnthPF; Cd(180 nm)<Zn(190 Table 2 Dissociation constants , molar absorption coefficient and isosbestic points of formazane compounds Table  3 Spectral data for metal complexes nm)=Cu(190 nm) for QPPF. Thus a noteworthy difference is found in the magnitude of red shift between Zn-and Cu-or Cd-QAnthPF complexes. The distinguishable difference in the maximum absorption wavelengths of the zinc-and cadmium-QAnthPF complexes may allow the simultaneous spectrophotometric determination of these metals; this has been impossible with the reagents reported so far.6
Stability constants of metal chelates The stability constants of metal chelates were determined by the mole ratio and continuous variation methods. The calculation was described in a previous paper. ' The results obtained are shown in Table 4 . All the reagents prepared form stable chelates so that these reagents might function as a tridentate ligand like the reagents described before.' The magnitude of log KMA for each reagent tested decreases in the order of Cu>Zn>Cd.
Applications
By using QAnthPF, differential staining of zinc and cadmium in liver tissues of rats injected with these metal ions was attempted. The tissues were prepared from livers of rats injected with 5 ml of 0.05 M aqueous solution of cadmium chloride or zinc sulfate in the portal vein; the prepared tissues were fixed in acetone, embedded in paraffin, then sectioned at 10 microns. QAnthPF clearly stained zinc reddish-purple and cadmium bluish green. Thus, zinc was easily distinguished from cadmium in these sections. 
